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FIG. 1 (PRIOR ART) 
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FIG. 2 
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FIG. 3 
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FIG. 10A 
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FIG 10C 
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FIG. 11 
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HIERARCHICAL MOTION ESTIMATION 
APPARATUS AND METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of Korean 
Patent Application No. 2004-0033118, filed on May 11, 
2004, in the Korean Intellectual Property Office, and the 
benefit of U.S. Provisional Patent Application No. 60/564, 
610, filed on Apr. 23, 2004, in the U.S. Patent and Trademark 
Office, the disclosures of which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to motion estimation, 
and more particularly, to a motion estimation apparatus and 
method for efficient hierarchical motion estimation. 

0004 2. Description of Related Art 
0005 Motion estimation is a process of searching a 
previous frame for a macro-block most Similar to a macro 
block in a current frame using a Specified measurement 
function and obtaining a motion vector, which indicates the 
difference between the position of the macro-block in the 
previous frame and that of the macro-block in the current 
frame. 

0006 There are many ways to find the most similar 
macro-block. For example, while moving macro-blockS 
included in a specified Search area of a previous frame in 
units of pixels, degrees of Similarity between the macro 
blocks in the previous frame and a macro-block in a current 
frame can be calculated using a specified measurement 
method to find a macro-block most similar to the macro 
block in the current frame. 

0007 According to an example of the specified measure 
ment method, differences between pixel values in the macro 
block of a current frame and pixel values in the macro 
blocks of the Search area are calculated. Then, absolute 
values of the differences are taken and added. A macro-block 
having the Smallest value obtained as a result of the addition 
is determined as the most similar macro-block. 

0008 Specifically, a degree of similarity between the 
macro-blocks in the current and previous frames is deter 
mined based on a similarity value, i.e., a matched reference 
value, which is calculated using pixel values included in the 
macro-blocks of the current and previous frames. The Simi 
larity value, i.e., the matched reference value, is calculated 
using a Specified measurement function. Examples of the 
measurement function include a Sum of absolute differences 
(SAD), a sum of absolute transformed differences (SATD), 
and a sum of squared differences (SSD). 
0009. However, a considerable amount of calculation is 
required to produce Such matched reference values, entailing 
a lot of hardware resources to encode Video data in real time. 
In an effort to reduce the amount of calculation required for 
motion estimation, So-called hierarchical motion estimation 
has been Studied. In hierarchical motion estimation, an 
original frame is divided into frames with various degrees of 
resolution, and motion vectors of frames for each degree of 
resolution are created in a hierarchical manner. One of the 
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known methods of hierarchical motion estimation is a multi 
resolution multiple candidate Search. 
0010 Depending on the scope of a search, the search is 
categorized into a full Search and a local Search. The full 
Search Searches the entire Search area whereas the local 
Search Searches a part of the Search area. 
0011 FIG. 1 illustrates conventional hierarchical motion 
estimation. Referring to FIG. 1, for the hierarchical motion 
estimation, each of a current frame to be encoded and a 
previous frame is divided into a lower level 104 having an 
original degree of resolution, a middle level 102 having a 
degree of resolution reduced by decimating an image of the 
lower level 104 by half, and an upper level 100 having a 
degree of resolution reduced by decimating an image of the 
middle level by half. In this hierarchical motion estimation, 
motion estimation is performed using images with different 
degrees of resolution and different Search Scopes per level. 
Thus, high-speed motion estimation is possible. 
0012. The conventional hierarchical motion estimation 
will now be described in more detail. It is assumed that 
motion estimation is conduced in units of 16x16 macro 
bocks and a search area is -16, +16). In the upper level 100, 
a macro-block most Similar to a current 4x4 macro-block in 
the current frame, which is a quarter of the size of an original 
macro-block, is Searched for in the previous frame. Here, the 
Search area is I-4, +4, which is a quarter of the original 
Search area. 

0013 Generally, a SAD function is used to measure a 
matched reference value, that is, a degree of Similarity. The 
SAD value is obtained by Subtracting pixel values of a 
Search macro-block from those of the current 4x4 macro 
block, taking absolute values of the Subtracted values, and 
adding all of the absolute values. In this way, macro-blockS 
most and Second most similar to the current 4x4 macro 
block in the current frame are found in the previous frame, 
and motion vectors for the two cases are obtained. 

0014. In the middle level 102, the search area is half the 
Size of the original Search area. That is, a Search area of -2, 
+2 in the previous frame is Searched based on three search 
points. The three Search points refer to two Search points 
corresponding to the two motion vectors obtained in the 
upper level 100 and one search point indicated by a pre 
dicted motion vector (PMV) obtained by taking the median 
of motion vectors of three macro-blocks located to the left, 
top, and top-right of the current macro-block. The three 
macro-blocks have already been encoded and their motion 
vectors have already been decided. In the middle level 102, 
a macro-block most Similar to the current macro-block and 
a motion vector corresponding to the macro-block are 
obtained by Searching the Search area of -2, +2). 
0015. In the lower level 104, that is, in the previous frame 
of the original size, the Search area of -2, +2 is partly 
Searched based on a Search point corresponding to the 
macro-block found in the middle level 102, i.e., a top-left 
apex of the macro-block. Then, a macro-block most similar 
to the current macro-block and a motion vector correspond 
ing to the macro-block are obtained. In doing So, the Search 
area is reduced, thereby decreasing the amount of time and 
hardware resources required. 
0016. Most of the conventional moving-image standards 
are adopting a field motion estimation mode as well as a 
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frame motion estimation mode to Support interlaced Scan 
ning. In particular, H.265 and MPEG-2 Support a macro 
block adaptive frame field (MBAFF) mode in which frame 
motion estimation and field motion estimation are conducted 
in units of macro-blocks, not pictures. 
0.017. However, if the hierarchical motion estimation is 
applied to a moving-image Standard that Supports the 
MBAFF, matched reference values must be additionally 
calculated whenever conducting frame motion estimation 
and field motion estimation in middle and lower levels. In 
this case, the amount of calculation required increases 
Sharply. 

BRIEF SUMMARY 

0.018. An aspect of the present invention provides a 
motion estimation apparatus and method, which enables 
efficient motion estimation for frames and fields of each 
level. 

0.019 According to an aspect of the present invention, 
there is provided a motion estimation apparatus including: a 
pixel data Storing unit Storing pixel data of a block to be 
Searched for and pixel data of blocks in a Search area; a 
two-dimensional processing element array receiving pixel 
data from the pixel data Storing unit and calculating degrees 
of similarity between the block to be searched for and the 
blocks in the Search area; a merging and comparing unit 
merging the degrees of Similarity, generating degrees of 
similarity for blocks of various sizes, comparing the gener 
ated degrees of Similarity, and outputting motion vectors for 
the blocks of various sizes; 
0020 and an address controlling unit controlling an 
address of the pixel data Storing unit Such that the pixel data 
of the pixel data Storing unit can be sequentially transmitted 
to the two-dimensional processing element array. 
0021. The pixel data storing unit may store pixel data of 
an original frame in which the block to be searched for is 
included and a target frame in which the Search area is 
included, and the resolution of the original frame and the 
target frame may be respectively reduced to half and a 
quarter of their original resolution. 
0022. The pixel data storing unit may include a search 
target macro-block Storing unit Storing the pixel data of the 
block to Search in a 4x1-pixel register array; and a Search 
area macro-block data Storing unit Storing the pixel data of 
the blocks in the Search area in an 11x1-pixel register array. 
0023 The search area macro-block data storing unit may 
be a dual port memory to alternately output the pixel data of 
the blocks in the search area to different ports of the dual port 
memory at Specified clock cycles. 
0024. The processing element array may calculate the 
degrees of Similarity in 4x8-pixel block units in an upper 
level in which the resolution of the original frame and the 
resolution of the target frame are reduced to a quarter of their 
original resolution and calculate the degrees of Similarity in 
4x4 block units in a middle level in which the resolution of 
the original frame and the resolution of the target frame are 
reduced to half of their original resolution. 
0.025 According to another aspect of the present inven 
tion, there is provided a motion estimation method includ 
ing: receiving pixel data of a block to be searched for and 
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pixel data of blockS in a Search area and calculating degrees 
of similarity between the block to be searched for and the 
blocks in the Search area; and merging the degrees of 
Similarity, generating degrees of Similarity for blocks of 
various sizes, comparing the generated degrees of Similarity, 
and outputting motion vectors for the blocks of various 
SZCS. 

0026. In the receiving of the pixel data and the calculat 
ing of the degrees of Similarity, the degree of Similarity for 
each level may be calculated using pixel data of an original 
frame in which the block to search for is included and a 
target frame in which the Search area is included, and the 
resolution of the original frame and the target frame may be 
reduced to half and a quarter of their original resolution. 
0027. The pixel data of the blocks in the search area may 
be alternately output to different ports of a dual port memory 
at Specified clock cycles. 
0028. In the receiving of the pixel data and the calculat 
ing of the degrees of Similarity, NXN processing elements 
may be used to calculate the degrees of Similarity, and the 
degrees of Similarity for NXN Search points may be calcu 
lated Simultaneously. 
0029. According to another aspect of the present inven 
tion, there is provided a motion estimation apparatus includ 
ing: a pixel data Storing unit including a Search target 
macro-block data Storing unit Storing pixel data of a macro 
block in a current frame, and a Search area macro-block data 
Storing unit Storing pixel data of macro-blockS in a Search 
area of a frame to be searched; a two-dimensional proceSS 
ing element array receiving pixel data from the pixel data 
Storing unit and calculating a degree of Similarity between 
the macro-block in the current frame and macro-blocks in 
the Search area; a merging and comparing unit merging the 
degree of Similarity, generating degrees of Similarity values 
corresponding to various block sizes, comparing the gener 
ated degrees of Similarity, and outputting motion vectors for 
the blocks of various sizes, and an address controlling unit 
determining an address to read in order to retrieve pixel data 
needed to calculate the degree of Similarity from the pixel 
data Storing unit and outputting the address is input to the 
two-dimensional processing element array. 
0030. According to another aspect of the present inven 
tion, there is provided a method of reducing wasted clock 
cycles in hierarchal motion estimation, including: Storing in 
a storage Section pixel data of a block to be searched for and 
pixel data of blocks in a Search area; receiving pixel data 
from the pixel data Storing unit and calculating, via a 
two-dimensional processor, degrees of Similarity between 
the block to be searched for and the blocks in the search area; 
merging the degrees of Similarity, generating degrees of 
Similarity for blocks of various sizes, comparing the gener 
ated degrees of Similarity, and outputting motion vectors for 
the blocks of various sizes, and Sequentially transmitting the 
pixel data to the two-dimensional processing element array 
by controlling a address of the Storage Section. 
0031 Additional and/or other aspects and advantages of 
the present invention will be set forth in part in the descrip 
tion which follows and, in part, will be obvious from the 
description, or may be learned by practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032. These and/or other aspects and advantages of the 
present invention will become apparent and more readily 
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appreciated from the following detailed description, taken in 
conjunction with the accompanying drawings of which: 

0.033 FIG. 1 illustrates conventional hierarchical motion 
estimation; 
0034 FIG. 2 is a block diagram of a motion estimation 
apparatus according to an embodiment of the present inven 
tion; 
0035 FIG. 3 is a detailed block diagram of the motion 
estimation apparatus of FIG. 2; 
0.036 FIG. 4 illustrates the structure of a two-dimen 
Sional processing element (PE) array according to an 
embodiment of the present invention; 
0037 FIG. 5 illustrates a detailed configuration of a PE; 
0038 FIG. 6A illustrates search points processed by a PE 
array in an upper level; 
0039 FIG. 6B illustrates search points processed by the 
PE array in a middle level; 
0040 FIG. 6C illustrates search points processed by the 
PE array in a lower level; 
0041 FIGS. 7A through 7C illustrate the connection 
between the two-dimensional PE array and an SRAM stor 
ing pixel data in a Search area; 
0.042 FIG. 8 illustrates a search block and a search area 
processed in the upper level; 
0.043 FIG. 9 illustrates the pixel data of the search area, 
which is input to PE (n, 0) in the upper level; 
0044 FIGS. 10A through 10C illustrate the order of 
processing pixel data by a PE by dividing the Search area in 
the upper level; 
004.5 FIG. 11 illustrates a search block and a search area 
processed in the middle level; 
0.046 FIG. 12 illustrates the pixel data in the search area, 
which is input to PE (n, 0) in the middle level; 
0047 FIG. 13 illustrates a search block and a search area 
processed in the lower level; and 
0.048 FIG. 14 illustrates the pixel data in the search area, 
which is input to PE (n, 0) in the lower level. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0049 Reference will now be made in detail to embodi 
ments of the present invention, examples of which are 
illustrated in the accompanying drawings, wherein like 
reference numerals refer to the like elements throughout. 
The embodiments are described below in order to explain 
the present invention by referring to the figures. 
0050 FIG. 2 is a block diagram of a motion estimation 
apparatus according to an embodiment of the present inven 
tion. Referring to FIG. 2, the motion estimation apparatus 
includes a pixel data Storing unit 205, a two-dimensional 
processing element (PE) array 230, a merging and compar 
ing unit 240, and an address controlling unit 250. 
0051. The pixel data storing unit 205 includes a search 
target macro-block data Storing unit 210 Storing pixel data of 
a macro-block in a current frame, i.e., pixel data of a Search 
target macro-block, and a Search area macro-block data 
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Storing unit 220 storing pixel data of macro-blocks in a 
Search area of a frame to be searched. The Search target 
macro-block data storing unit 210 may be an SDRAM. A 
detailed description of the Search target macro-block data 
storing unit 210 will be made later with reference to FIG. 3. 
The Search area macro-block data Storing unit 220 may be 
implemented as a dual port memory to efficiently transmit 
pixel data in a Search area to the two-dimensional PE array 
230. 

0.052 The two-dimensional PE array 230 includes 8x8 
PEs. The two-dimensional PE array 230 receives pixel data 
from the pixel data Storing unit 205 and calculates a degree 
of similarity between the macro-block in the current frame 
and the macro-blocks in the Search area Such that a macro 
block most Similar to the macro-block in the current frame 
can be found in the Search area. 

0053. In the present embodiment, since a degree of 
Similarity is described using a Sum of absolute differences 
(SAD), and a SAD value is calculated. Since the two 
dimensional PE array 230 includes 8x8 PES, SAD values for 
a plurality of Search points can be calculated at a time. Here, 
SAD values are calculated in 4x8 units or 4x4 units accord 
ing to a level at which SAD calculations are performed. A 
method of calculating a degree of Similarity, i.e., the SAD, 
using one PE will be described later with reference to FIG. 
5. 

0054 The merging and comparing unit 240 merges cal 
culated SAD values and creates SAD values corresponding 
to various block sizes used in H.264, for example, 16x16, 
16x8, 8x16, 8x8, 8x4, 4x8, and 4x4. When estimating 
motion in units of fields, Since a frame includes a top field 
and a bottom field, a block size used in the motion estimation 
is 16x32. In the present embodiment, since the resolution of 
the frame is reduced to half or a quarter of its original 
resolution, a block size used in the motion estimation is 
8x16 or 4x8 for each level. Therefore, a SAD value corre 
sponding to a block of a desired size can be created by 
merging SAD values calculated in 4x8 or 4x4 block units. 
Using the SAD value, an optimal motion vector is output. 

0055. The address controlling unit 250 determines an 
address to read in order to retrieve pixel data needed to 
calculate SADs from the pixel data storing unit 205 Such that 
the address is input to the two-dimensional PE array 230. 
0056 FIG. 3 is a detailed block diagram of the motion 
estimation apparatus of FIG. 2. The Search target macro 
block data Storing unit 210 and the Search area macro-block 
data storing unit 220 may be SRAMs. The search target 
macro-block data Storing unit 210 Sequentially transmits 
eight 8-bit data values to an 8x8 register array 260 in 
Synchronization with a System clock. In every clock cycle, 
the 8x8 register array 260 transmits pixel data stored in each 
row of the register array 260 to registers in respective next 
rows of the register array 260. The 8x8 register array 260 is 
connected to the two-dimensional PE array 230 in units of 
rows and Sequentially transmits pixel data of a Search target 
macro-block to the two-dimensional PE array 230. 
0057. In other words, 8 registers in a first row of the 8x8 
register array 260 are connected to PEs in a first row of the 
two-dimensional PE array 230, and registers in a second row 
of the 8x8 register array 260 are connected to PEs in a 
second row of the two-dimensional PE array 230. Thus, the 
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pixel data of the Search target macro-block input to PES in 
each row of the two-dimensional PE array 230 has been 
delayed from one another by one clock cycle. 

0.058. The search area macro-block data storing unit 220 
in which the pixel data of the macro-blocks in the Search 
area is stored is a dual port SRAM. SDRAM, which has two 
ports, consists of registers of 11x8 bits, and eight of the 
registers are Selectively connected to PES of the two-dimen 
sional PE array 230 in units of rows, and thus pixel data 
Stored in the eight registers is input to the two-dimensional 
PE array 230. The connection state with the registers varies 
for each row of the two-dimensional PE array 230, and all 
the pixel data of the SDRAM is input to the 8x8 PEs 
Simultaneously. Here, the pixel data of the Search area is 
output to different ports every 16 clock cycles So as not to 
waste time. The connection between the Search area macro 
block data storing unit 220 and the two-dimensional PE 
array 230 will be described later with reference to FIGS. 7A 
through 8C. 

0059 FIG. 4 illustrates the structure of a two-dimen 
Sional PE array according to an embodiment of the present 
invention. The two-dimensional PE array includes 8x8 PEs. 
Each PE calculates one SAD for each level, at which SAD 
calculations are performed, in 4x8 or 4x4 units. Alterna 
tively, one PE may calculate a SAD for one search point or 
two PEs may calculate a SAD for one search point. 
0060 FIG. 5 illustrates a detailed configuration of a PE. 
A PE calculates a SAD value in 4x4 block units. A PE 
includes four subtractors 510a through 510d, four absolute 
value calculators 520a through 520d, and four adders 530a 
through 530d. The PE receives pixel data of a 4x4 block in 
units of rows. The PE reads Co, Co, Co, and Co, which 
are pixel values in a first row of a 4x4 block in a current 
frame, and Soo, So, So, and So, which are pixel Values in 
a first row of a 4x4 block in a Search area of a previous 
frame, and Subtracts Soo, So So, and Sao from Coo Co., 
Co, and Co. Then, the PE takes absolute values of the 
Subtracted pixel values and adds the absolute values. 
0061. In a next clock cycle, the PE reads C, C, C, 
and C, which are pixel values in a Second row of the 4x4 
block in the current frame, and So, S, S, and S, which 
are pixel values in a Second row of the 4x4 block in the 
Search area of the previous frame, and Subtracts So, S1, 
S2, and S from Co, C, C2, and C. Then, the PE takes 
absolute values of the Subtracted pixel values and adds the 
absolute values. A value obtained as a result of the addition 
is added to a value obtained as a result of the previous 
addition. The proceSS described above is repeated until a 
fourth clock cycle passes. After the fourth clock cycle 
passes, the calculation of the SAD value for the 4x4 block 
is complete. 

0.062 FIG. 6A illustrates search points processed by a PE 
array in an upper level. FIG. 6B illustrates search points 
processed by the PE array in a middle level. FIG. 6C 
illustrates Search points processed by the PE array in a lower 
level. 

0.063 Referring to FIG. 6A, one PE processes one search 
point Since, in the upper level, motion estimation is per 
formed only in units of frames. In other words, a SAD is 
calculated for a Search area, which is reduced to a quarter of 
its original size. Referring to FIG. 6B, in the middle level, 
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a frame is divided into a top field and a bottom field for 
motion estimation. Thus, two PES process one Search point. 
One PE calculates a SAD value for the top field in 4x4 block 
units while the other PE calculates a SAD value for the 
bottom field in 4x4 block units. By merging the SAD values 
calculated by the two PES, SAD values for a top field ME, 
a bottom field ME, and four field MEs (a top-top field ME, 
a top-bottom field ME, a bottom-bottom field ME, and a 
bottom-top field ME) can be obtained. Likewise, referring to 
FIG. 6C, in the lower level, two PES process one search 
point. 

0064 FIGS. 7A-7C illustrates the relationship between 
the two-dimensional PE array 230 of FIG. 3 and the search 
area macro-block data storing unit 220 of FIG. 3 storing 
pixel data in the search area. Referring to FIGS. 3 and 7A, 
pixel values of a 4x1 macro-block in the current frame are 
sequentially input to PE (0, n) in the first row of the 
two-dimensional PE array 230 via registers. Registers stor 
ing pixel data in the Search area are 11x8 bit registers. First 
each of four pixel values is input to the PE (0, n) via a 
multiplexer (MUX). The other input port of the MUXs are 
connected to data output from port 1 of the SRAM storing 
the pixel data in the Search area. For time efficiency, the pixel 
data in the Search area is repeatedly output to port 0 and port 
1 of the SRAM, in turns, for every 16 clock cycles. There 
fore, the MUX Switches to a port from which pixel data in 
a current Search area is output and connects the port to the 
PE (0, n). 
0065 Referring to FIGS. 3 and 7B, four pixel values 
from the Second pixel value in the 11x8 register Storing the 
pixel values of the Search area are connected to PE (1, n) in 
the second row of the two-dimensional PE array 230 through 
the MUX. In this way, as shown with reference to FIGS. 3 
and 7C, a PE (7, n) in an eighth row, which is the last row 
of the two-dimensional PE array 230, is connected to the last 
four pixel values of the 11x8 register through the MUX. 
0066 FIG. 8 illustrates a search block and a search area 
processed in the upper level. In the upper level, Since an 
original frame was decimated to a quarter of its original size, 
the size of a macro-block to be searched is 4x8, which is a 
quarter of an original macro-block, i.e., 16x32. Accordingly, 
the size of a Search area is decimated to a matrix measuring 
-16, +15 horizontally and I-8, 7 vertically, which is a 
quarter of an original Search area, i.e., I-64, +63 horizon 
tally and -32, +31 vertically. 
0067. The two-dimensional PE array 230 processes this 
search area. Since the two-dimensional PE array 230 
includes 8x8 PEs and one PE processes one search point in 
the upper level, as illustrated in FIG. 8, the search area is 
divided into 8x8 units and processed accordingly. If the 
Search area is divided into 8x8 units, eight Search areas are 
created. Since only one 8x8 Search area can be processed at 
a time, the eight Search areas are processed in a numeric 
order illustrated in FIG. 8. 

0068 Pixel data in the search area, which is input to the 
PEs and the way in which the pixel data is processed in the 
upper level will now be described in detail. To calculate a 
SAD for (-16, -8), which is a first search point in the search 
area of I-16, 15 and I-8, 7, pixel values in the Search area, 
which are input to PE (0, 0), are 4x8 pixels based on (-16, 
-8). As illustrated in FIG. 5, since one PE compares four 
pixel values in the target block of the current frame with four 
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pixel values in the Search area of the previous frame at a 
time, it takes eight clock cycles to calculate the SAD for the 
4x8 Search block. Thus, only after the eight clock cycles 
pass is the calculation of the SAD for the 4x8 block is 
complete for the Search point of (-16, -8). 
0069. Similarly, pixel values in the search area, which are 
input to PE (1,0), are 4x8 pixels based on (-15, -8), which 
is a Second Search point, to calculate the SAD for (-15, -8). 
In this way, when moving the macro-blockS Sideways by one 
pixel, pixel values in the Search area, which are input to PE 
(7,0), are 4x8 pixels based on (-9, -8). 
0070 Moving downwards, to calculate the SAD for the 
4x8 block at (-16, -7), pixel values in the Search area are 
input to PE (0,1), and to calculate the SAD for the 4x8 block 
at (-15, -7), pixel values in the Search area are input to PE 
(1,1). Thus, one PE can calculate the SAD for the 4x8 block 
at each Search point, moving the macro-blocks downwards 
by one pixel. Then, the SAD for a first 8x8 search area 
indicated by 1 in FIG. 8 can be calculated at one time. In this 
way, the SAD for the 4x8 block at each search point can be 
calculated in Second through eighth Search areas. 
0071 FIG. 9 illustrates the pixel data of the search area, 
which is input to PE (n, 0) in the upper level. Referring to 
FIG. 9, it can be seen that the pixel data of the search area 
is stored in an 11x23 register. In FIG. 9, the time axis points 
in a downward direction. Of the pixel data stored in the 
SRAM, four pixel data values at a time are Sequentially 
input to each PE for every clock cycle. After 8 clock cycles, 
the SAD for the 4x8 search block at one search point is 
complete. Also, another 11x23 register is available Such that 
the pixel data can be output to ports 0 and 1 of the SRAM, 
and the pixel data of the 11x23 register is output to the port 
1. There is a 16-clock cycle difference between pixel data 
output to the ports 0 and 1. 
0072 FIGS. 10A through 10C illustrate the order of 
processing pixel data by a PE by dividing the Search area in 
the upper level. That is, FIGS. 10A through 10C illustrate 
Search points processed by each PE in each area when the 
Search area is divided into 8 areas. It can be seen that each 
PE processes one Search point. 
0.073 FIG. 11 illustrates a search block and a search area 
processed in the middle level. Since the original frame was 
decimated by half in the middle level, the size of a macro 
block to be searched is 8x16, which is half the size of the 
original macro-block, i.e., 16x32. In the middle level, not a 
full but a local search is conducted. Therefore, the search 
area is I-4, 3 and I-4, 3). Also, in the middle level, motion 
estimation is performed in units of fields, each including a 
top field and a bottom field. In FIG. 11, “o” denotes top-field 
pixel data and “X” denotes bottom-field pixel data. 
0074) In the middle level, for MBAFF coding, two frame 
MEs for an 8x8-frame top block and an 8x8-frame bottom 
block and four field MEs (top2top field ME, top2bottom 
field ME, bottom2top field ME, and bottom2bottom field 
ME) for an 8x8 field top block and an 8x8-field bottom 
block are performed to obtain six motion vectors. Since the 
macro-block most Similar to the macro-block in the current 
frame and two motion vectors are obtained in the upper level 
and delivered to the middle level, 12 motion vectors, in fact, 
are obtained. 

0075. The pixel data of the macro-block in the current 
frame and the pixel data of the macro-blocks in the Search 
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area, which are input to the two-dimensional PE array 230, 
are identical to the pixel data used to perform a frame ME 
in the search area of -4, 3 horizontally and vertically for 
an 8x16 block. However, PEs calculate SADS in 4x4 field 
units and, by combing the SADs, obtain a SAD for two 
frame MES and four field MES. In other words, in the middle 
level, since the SADS are calculated in 4x4-field block units, 
two PEs are responsible for one search point and obtains the 
SADs for the 8x4-field blocks as illustrated in FIG. 6B. By 
merging the SADs for the 8x4-field blocks, the SAD for the 
8x8-frame block and the SAD for the 8x8-field block can be 
obtained. 

0076. The pixel data in the search area, which is input to 
the PEs in the middle level, and how the pixel data is 
processed will now be described in detail. To calculate the 
SAD for (-4,-4), which is a first search point in the search 
area of -4, 3 and I-4, 3, 4x16-pixel data in the Search area 
is input to PE (0, 0). Then, four SADs for 4x4 fields are 
calculated. Likewise, to calculate the SAD for (-3, -4), 
which is a Second Search point, 4x16 pixel data in the Search 
area is input to PE (1,0) and four SADs for 4x4 fields are 
calculated. 

0077 FIG. 12 illustrates pixel data in the search area, 
which is input to PE (n, 0) in the middle level. Referring to 
FIG. 12, it can be seen that, as in the upper level, the pixel 
data of the search area is input to the 11x23 register. In FIG. 
12, the time axis points in a downward direction. Of the 
pixel data stored in the SRAM, four pixel data values at a 
time are Sequentially input to each PE for every clock cycle. 
After 8 clock cycles, the SAD for the 4x4 search block at a 
Search point is complete for the top field and the bottom 
field. Also, another 11x23 register is available such that the 
pixel data can be output to port of the SRAM, and the pixel 
data of the 11x23 register is output to port 1 of the SDRAM. 
There is a 16-clock cycle difference between pixel data 
output to the ports 0 and 1. 
0078 FIG. 13 illustrates a search block and a search area 
processed in the lower level. In the lower level, Since the size 
of the original frame is maintained, the size of a macro-block 
to be searched is 16x32, which is the size of the original 
macro-block. However, the full search is not conducted in 
the lower level. Rather, the local Search is conducted in I-4, 
3 and -2, 2). AS in the middle level, motion estimation is 
performed in units of fields, i.e., the top field and the bottom 
field, in the lower level. 

0079. In other words, in the lower level, for the MBAFF 
coding, two frame MEs for a 16x16 frame top block and a 
16x16 frame bottom block and four field MEs (top2top field 
ME, top2bottom field ME, bottom2top field ME, and 
bottom2bottom field ME) for a 16x16 field top block and a 
16x16 field bottom block are performed to obtain six motion 
vectors. AS in the middle level, in the lower level, the SADS 
are calculated in 4x4-field block units, and two PEs are 
responsible for one Search point. However, unlike the middle 
level, the two PEs calculate the SADS for different 4x4-field 
blocks at the same search point, as illustrated in FIG. 6C. By 
merging eight SADs for the 4x4-field blocks, one SAD for 
a 16x32 block can be obtained. 

0080 FIG. 14 illustrates pixel data in the search area, 
which is input to PE (n, 0) in the lower level. Referring to 
FIG. 14, it can be seen that, as in the middle and upper 
levels, the pixel data of the search area is stored in the 11x23 
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register. In FIG. 14, the time axis points in a downward 
direction. Of the pixel data stored in the SRAM, four pixel 
data values at a time are Sequentially input to each PE for 
every clock cycle. After 8 clock cycles, the SAD for the 4x4 
Search block at a Search point is complete for the top field 
and the bottom field. Also, another 11x23 register is avail 
able Such that the pixel data can be output to port of the 
SRAM, and the pixel data of the 11x23 register is output to 
port 1 of the SDRAM. There is a 16-clock cycle difference 
between pixel data output to ports 0 and 1. 
0081. In hierarchical motion estimation according to the 
above-described embodiment of the present invention, each 
level has a different degree of resolution and Search area, and 
pixel data of a Search area is Stored in a dual-port memory. 
Thus, wasted clock cycles can be reduced, and motion 
estimation can be performed on blocks of various sizes. 
0082 The present invention can also be implemented as 
a computer program. 

0.083 Also, the program can be recorded on a computer 
readable medium, which can be thereafter read and executed 
by a computer System. Examples of the computer-readable 
medium include magnetic recording media, optical record 
ing media, and carrier waves. 
0084. Although a few embodiments of the present inven 
tion have been shown and described, the present invention 
is not limited to the described embodiments. Instead, it 
would be appreciated by those skilled in the art that changes 
may be made to these embodiments without departing from 
the principles and Spirit of the invention, the Scope of which 
is defined by the claims and their equivalents. 

What is claimed is: 
1. A motion estimation apparatus comprising: 
a pixel data Storing unit Storing pixel data of a block to be 

Searched for and pixel data of blocks in a Search area; 
a two-dimensional processing element array receiving 

pixel data from the pixel data Storing unit and calcu 
lating degrees of Similarity between the block to be 
Searched for and the blocks in the Search area; 

a merging and comparing unit merging the degrees of 
Similarity, generating degrees of similarity for blocks of 
various sizes, comparing the generated degrees of simi 
larity, and outputting motion vectors for the blocks of 
various sizes, and 

an address controlling unit controlling an address of the 
pixel data Storing unit Such that the pixel data of the 
pixel data Storing unit is Sequentially transmitted to the 
two-dimensional processing element array. 

2. The apparatus of claim 1, wherein the pixel data Storing 
unit also stores pixel data of an original frame which 
includes the block to be Searched for and a target frame 
which includes the Search area, and the resolution of the 
original frame and the target frame are respectively reduced 
to a half and a quarter of their original resolution. 

3. The apparatus of claim 1, wherein the pixel data Storing 
unit includes: 

a Search target macro-block Storing unit Storing the pixel 
data of the block to be searched in a 4x1-pixel register 
array; and 
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a Search area macro-block data Storing unit Storing the 
pixel data of the blocks in the Search area in an 
11x1-pixel register array. 

4. The apparatus of claim 3, wherein the first four registers 
from a first row of the 11x1-pixel register array of the Search 
area macro-block data Storing unit are connected to proceSS 
ing elements in a first row of the two-dimensional proceSS 
ing element, and a next four registers excluding the first one 
register are connected to processing elements in a Second 
row of the two-dimensional processing element. 

5. The apparatus of claim 3, wherein the Search area 
macro-block data Storing unit is formed of a dual port 
memory to alternately output the pixel data of the blocks in 
the Search area to different ports of the dual port memory at 
Specified clock cycles. 

6. The apparatus of claim 1, wherein the block to Search 
for is a 16x32-pixel macro-block adaptive frame field. 

7. The apparatus of claim 1, wherein the processing 
element array includes NXN processing elements arranged 
in a matrix form. 

8. The apparatus of claim 7, wherein N is eight. 
9. The apparatus of claim 1, wherein the processing 

element array calculates the degrees of Similarity in 4x8 
pixel block units in an upper level in which the resolution of 
the original frame and the resolution of the target frame are 
reduced to a quarter of their original resolution and calcu 
lates the degrees of Similarity in 4x4 block units in a middle 
level in which the resolution of the original frame and the 
resolution of the target frame are reduced to half of their 
original resolution. 

10. The apparatus of claim 9, wherein the merging and 
comparing unit merges the degrees of Similarity calculated 
in the 4x4-pixel block units in the middle level and calculate 
degrees of Similarity for the blocks of various sizes and 
motion vectors corresponding to the calculated degrees of 
Similarity. 

11. A motion estimation method comprising: 
receiving pixel data of a block to be Searched for and pixel 

data of blocks in a Search area and calculating degrees 
of similarity between the block to be searched for and 
the blocks in the Search area; and 

merging the degrees of Similarity, generating degrees of 
Similarity for blocks of various sizes, comparing the 
generated degrees of Similarity, and outputting motion 
vectors for the blocks of various sizes. 

12. The method of claim 11, wherein, in the receiving of 
the pixel data and the calculating of the degrees of Similarity, 
the degree of Similarity for each level is calculated using 
pixel data of an original frame which includes the block to 
be searched for and a target frame which includes the Search 
area, and the resolution of the original frame and the target 
frame are respectively reduced to a half and a quarter of their 
original resolution. 

13. The method of claim 11, wherein the pixel data of the 
blocks in the Search area is alternately output to different 
ports of a dual port memory at Specified clock cycles. 

14. The method of claim 11, wherein, in the receiving of 
the pixel data and the calculating of the degrees of Similarity, 
NXN processing elements are used to calculate the degrees 
of similarity, and the degrees of similarity for NxN search 
points are calculated Simultaneously. 

15. The method of claim 11, wherein, in the receiving of 
the pixel data and the calculating of the degrees of Similarity, 
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the degrees of Similarity are calculated in 4x8-pixel block 
units in an upper level in which the resolution of the original 
frame and the resolution of the target frame are reduced to 
a quarter of their original resolution and the degrees of 
Similarity are calculated in 4x4 block units in a middle level 
in which the resolution of the original frame and the reso 
lution of the target frame are reduced to half of their original 
resolution. 

16. A computer-readable recording medium on which a 
program causing a processor to execute a motion estimation 
method, the method comprising: 

receiving pixel data of a block to be Searched for and pixel 
data of blocks in a Search area and calculating degrees 
of similarity between the block to be searched for and 
the blocks in the Search area; and 

merging the degrees of Similarity, generating degrees of 
Similarity for blocks of various sizes, comparing the 
generated degrees of Similarity, and outputting motion 
vectors for the blocks of various sizes. 

17. A motion estimation apparatus comprising: 
a pixel data Storing unit including a Search target macro 

block data Storing unit Storing pixel data of a macro 
block in a current frame, and a Search area macro-block 
data Storing unit Storing pixel data of macro-blocks in 
a Search area of a frame to be searched; 

a two-dimensional processing element array receiving 
pixel data from the pixel data Storing unit and calcu 
lating a degree of Similarity between the macro-block 
in the current frame and macro-blocks in the Search 
area, 

a merging and comparing unit merging the degree of 
Similarity, generating degrees of Similarity values cor 
responding to various block sizes, comparing the gen 
erated degrees of Similarity, and outputting motion 
vectors for the blocks of various sizes, and 

an address controlling unit determining an address to read 
in order to retrieve pixel data needed to calculate the 
degree of Similarity from the pixel data Storing unit and 
outputting the address is input to the two-dimensional 
processing element array. 

18. The apparatus of claim 17, wherein the search target 
macro-block data storing unit is an SDRAM. 

19. The apparatus of claim 17, wherein the two-dimen 
Sional PE array includes 64 processing elements in an 8x8 
array. 
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20. The apparatus of claim 17, wherein the degree of 
Similarity is calculated using a Sum of absolute differences 
(SAD). 

21. The apparatus of claim 17, wherein the merging and 
comparing unit merges calculated SAD values and generates 
SAD values corresponding to various block sizes used in an 
H.264 standard. 

22. The apparatus of claim 17, wherein the Search target 
macro-block data Storing unit and the Search area macro 
block data storing unit are SRAMs. 

23. The apparatus of claim 17, wherein the Search target 
macro-block data Storing unit 210 Sequentially transmits 
eight 8-bit data values to an 8x8 register array connected to 
the two-dimensional PE array in synchronization with a 
System clock. 

24. The apparatus of claim 23, wherein the 8x8 register 
array is connected to the two-dimensional PE array in units 
of rows and Sequentially transmits pixel data of a Search 
target macro-block to the two-dimensional PE array. 

25. The apparatus of claim 24, wherein, during every 
clock cycle, the 8x8 register array transmits pixel data Stored 
in each row of the register array to registers in respective 
next rows of the register array. 

26. The apparatus of claim 17, wherein the Search area 
macro-block data storing unit is a dual port SRAM. 

27. A method of reducing wasted clock cycles in hierar 
chal motion estimation, comprising: 

Storing in a Storage Section pixel data of a block to be 
Searched for and pixel data of blocks in a Search area; 

receiving pixel data from the pixel data Storing unit and 
calculating, via a two-dimensional processor, degrees 
of similarity between the block to be searched for and 
the blocks in the Search area; 

merging the degrees of Similarity, generating degrees of 
Similarity for blocks of various sizes, comparing the 
generated degrees of Similarity, and outputting motion 
Vectors for the blocks of various sizes, and 

Sequentially transmitting the pixel data to the two-dimen 
Sional processing element array by controlling a 
address of the Storage Section. 


